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Abstract — The life history and reproductive activity of the Uloborid spider Octonoba sybotides 
were investigated. The seasonal change in the size distribution of the O. sybotides population 
at the study site showed that this spider has two generations per year: an overwintering genera¬ 
tion and a summer generation. The overwintering generation hibernates from late November 
to early March as the juvenile stages. The duration of egg incubation varied greatly through the 
reproductive season, and seemed to be related to the total effective temperature. The number of 
eggs in each egg sac was significantly correlated with the weight of the mother. O. sybotides 
constructs a horizontal orb-web that frequently contains dimorphic stabilimenta (spiral and 
linear). The weights and condition indices of spiders showed that the spiders on webs with 
spiral stabilimenta to be in poorer energetic condition than spiders on webs with linear 
stabilimenta. The proportion of spiders on webs with spiral stabilimenta was negatively 
correlated with the prey abundance in their environment. The frequencies of spiral and linear 
stabilimenta in a population seem to be influenced by prey abundance, and prey-limited 
conditions induce the majority of O. sybotides to construct webs with spiral stabilimenta. 
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The spider genus Octonoba occurs in the southern part of Japan, southwestern 
China, and the United States (Opell 1979; Yoshida 1980, 1981). To date, 12 species 
have been described in Japan (Yoshida 1980, 1981). Octonoba sybotides (Bosenberg & 
Strand 1906) is an uloborid spider that is widespread in eastern Asia. The function of 
the web design in O. sybotides has been documented (Watanabe 1999a, 1999b, 2000), but 
little is known concerning detail of the life history for the spider. Like many other 
uloborids, it constructs a horizontal orb-web with dimorphic stabilimenta in dimly lit 
sites at the base of trees, or between rocks, flowerpots, or piled logs (Watanabe 1999a). 
These habitats are patchily distributed, and the spider usually lays and guards the egg 
sac at the same site (Watanabe, personal observation). Nymphs hatching from the eggs 
disperse within a few days, although many remain near the hatching site and construct 
their webs among those of larger spiders. Therefore, O. sybotides at multiple stages can 
be observed within a small area. These ecological conditions enabled me to research the 
life history of O. sybotides. In this paper, I describe the life cycle and some aspects of 
the reproductive activity of O. sybotides based on observations in the field and labora¬ 
tory. 

Some orb-web spiders add a conspicuous silky structure, which is usually called a 
‘stabilimentum’, to the surface of their webs. The designs of these stabilimenta are 
species-specific, but spiders show remarkable within-species variation in decorating 
behavior (Eberhard 1973; Lubin 1986; Nentwig & Heimer 1987; Elgar et al. 1996; 
Blackledge 1998). In spite of much empirical knowledge, the factors that influence the 
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facultative changes in decorating behavior have rarely been examined. Previous labora¬ 
tory experiments have shown that the dimorphic stabilimentum form of O. sybotides 
changed in response to the internal energetic state of individual spiders (Watanabe 
1999a). Food-deprived spiders tend to construct webs with spiral stabilimenta (SP- 
webs) and food-satiated spiders tend to construct webs with linear stabilimenta (LN- 
webs). Blackledge (1998) demonstrated that well-fed Argiope trifasciata included 
stabilimenta in their webs more often than hungrier spiders, and that both A. aurantia 
and A. trifasciata built larger stabilimenta when well fed. These facts suggest that the 
form of stabilimenta and their frequency of occurrence in the field change with prey 
abundance. To examine this hypothesis, I tested following two predictions on 
stabilimentum building by O, sybotides: (1) The proportion of webs with spiral 
stabilimenta will increase in prey-limited conditions in the field; (2) Spiders on webs with 
linear stabilimenta will be heavier than spiders on webs with spiral stabilimenta, because 
linear stabilimenta indicate that the owner spiders are more successful in prey capture 
than spiders on webs with spiral stabilimenta. 

Materials and methods 


Life history 

Field observations were conducted at the Kyoto University Botanical Garden, in 
Kyoto basin, Japan, in 1998 and 1999. A study area (8Xlm) was established by 
placing 100 flowerpots on a wooden stand (0.5 m high) in 4 lines and 25 rows. Spiders 
constructed their webs and laid their egg sacs between the flowerpots, so I was able to 
collect all the spiders constructing webs between the flowerpots. 

To obtain information on the life cycle of O. sybotides, spiders were collected on the 
first or second of every month from March to November in 1999. All of the spiders 
constructing webs in the study area, except those holding egg sacs, were caught in 
separate plastic cases and their total body length and prosoma length were measured in 
the laboratory. After the measurements, all the spiders were returned to the study area. 

Since the study site was checked almost every day, the days that eggs were laid were 
noted. The female O. sybotides modifies her prey-catching web by removing the spiral 
threads and reducing the number of radial threads, and constructs an egg sac at the center 
of the web. The female guards her egg sac for days, and rarely moves from the site 
(Watanabe, personal observation). In 1998, I mapped the sampling area (flowerpot 
array) and recorded the position of each egg sac on the map to monitor the survival of 
individual egg sacs. Although the spiders seemed to rarely move from their egg sac sites 
throughout the incubating period, the data for laying and hatching of unmarked egg sacs 
may be somewhat suspect. In 1999, for more precise monitoring, I labeled the edge of 
36 egg sacs with non-toxic enamel paint. The spiders did not appear to react to the 
painting procedure or to the paint itself 

To examine the seasonal changes in duration of incubation in the field, ‘rule of 
thermal summation’ was applied to the development of eggs, referring the application of 
the same rule for the spiders’ development by Li & Jackson (1996). For a fixed 
temperature ( T), the thermal constant (C) is expressed as: 

C = N(T-T,) 

where 

A = number of days that the eggs take to hatch, 

To = threshold temperature of development. 

T—Tq — effective temperature. 
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If the temperature fluctuates daily (Ti), the formula may be rewritten as: 

C^STi-T,N 

ITi-=^T,N-^C 

Therefore, threshold temperature (Tq) and thermal constant (C) may be estimated 
by the linear regression model derived from the field data of N and although this 
method produces only a crude estimate (Li & Jackson, 1996). 

Egg production 

To examine the relationship between the food condition of the spider and its egg 
production, I collected mature female spiders from the botanical garden in early Septem¬ 
ber 1998 and kept them in cylindrical cases that were 10 cm in diameter and 8 cm high. 
The top and bottom of each case were covered with a translucent plastic plate. A piece 
of wet cotton wool was placed on the bottom of the case to supply water. All of the 
spiders were kept in the laboratory at a constant temperature (25°C). A total of 20 
spiders laid eggs. I weighed the female spiders and their egg sacs. Then, I opened the 
egg sac and counted the number of eggs. I estimated the weight of each spider before 
oviposition as the total weight of the spider and its egg sac. 

Frequency of dimorphic stabilimenta 

I recorded the frequency of each type of silk decoration in the study area by 
counting all the spiders (total length >3.0 mm; including mature and immature spiders) 
with identifiable web types from early May to late September in 1999. Censuses were 
conducted on 8-11 days in each fortnight. 

I estimated prey abundance in the study area by setting five artificial sticky traps in 
a linear array at 1.5 m intervals on the census days. The sticky traps were made of 
flexible plastic sheets, treated with Tanglefoot on both sides and stretched over hard 
black frames (5X10 cm). Each trap was leaned against a flowerpot at a 45° angle, 
though O, sybotides tends to construct horizontal webs. Since I aimed to detect the 
relative prey abundance for the spider, the angle of traps does not seem to affect the 
conclusion of this study. Although the spiders caught prey insects both during the day 
and at night, they appear to be diurnal foragers and catch prey insects mainly during the 
daytime (Watanabe, personal observation). The five traps were set at 1000 h and 
retrieved at 1700 h, and the trapped insects were counted. 

To evaluate energetic state of spiders, the weight of spiders collected from the study 
area were measured in the laboratory. Since the abdomen of spiders is elastic, a well-fed 
spider has a much rounder abdomen than a starved spider. I also measured the 
abdomen width and length and used the ratio as a condition index. The value of the 
condition index increases with the amount of prey digested. The sex of the spiders can 
be clearly determined when the prosoma length is over 0.80 mm. Matured males tend 
to leave off constructing their webs (Watanabe, personal observation). Therefore, I 
only used the data for female spiders with a prosoma length exceeding 0.85 mm. 

Results 


Life cycle 

Webs of Octonoba sybotides that hibernated from the previous November appeared 
in early March (Fig. 1). Spiders grew during the spring and then began to lay eggs in 
May (Fig. 2). The number of large spiders decreased markedly by July, and smaller 
newly emerged nymphs dominated the study area. The new generation grew during the 
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Fig. 1. Size distribution throughout the 1999 season. N is the number of spiders 
measured. Surveys were conducted on the 1st or 2nd day of each month, except March 
(3rd, 4th and 5th) and mid-August (16th). 
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summer and began to lay eggs in August (Figs. 1-2). The adult spiders disappeared by 
the beginning of September and were replaced by the smaller nymphs. The webs of 
immature O. sybotides disappeared by mid November. 

Duration of incubation 

Only 15 of the marked egg sacs hatched; the others died before hatching. The 
number of days until hatching varied greatly through the breeding season (Fig. 3). The 
eggs took longer to hatch earlier in the year, hatched more quickly towards mid summer, 



Fig. 2. Seasonal change in the number of egg sacs present in the study area. 



Fig. 3. The relationship between the date of egg laying and the duration of incubation 
for marked (open squares) and unmarked (solid circles) egg sacs. 
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Fig. 4. The relationship between the total temperature and the duration of incubation 
for each marked (open squares) and unmarked (solid circles) egg sacs. 


and then again took longer to hatch in September. 

Figure 4 shows the relationship between the observed number of days until hatching 
for each egg sac (marked and unmarked) and the total mean temperature. I used the 
daily mean temperature data recorded at the Experimental Nursery of the Faculty of 
Agriculture, which is located in just northwest of the study area. The regression lines 
were significant for the data for both marked and unmarked spiders. The lines are fit 
by the linear models 151.44-16.lx = 0.935, /><0.001) and y= 124.44- 17.6x (r^ = 
0.878, /7 <0.001), respectively. The slopes of the two lines are not significantly different 
(^ 1,103 = 0-745, /7>0.3), and the total temperatures for the marked and unmarked spiders 
were not significantly different (ANCOVA; iq io 4 = 0.241, /7>0.6). Adding the daily 
effective temperatures retroactively from the day of laying until hatching the sums were 
151.4 degree-days (marked) and 124.4 degree-days (unmarked). The threshold tempera¬ 
ture was estimated to be 16.rC (marked) and 17.6°C (unmarked). 

Clutch size 

Figure 5 shows the significant relationship between the number of eggs in each egg 
sac and the weight of the guarding spider (/‘2 = 0.471, /7<0.01). The relationship 
between the clutch size and the estimated weight of spiders before egg laying was 
significant (^^ = 0.902, /><0.001). 

Prey abundance and frequency of dimorphic stabilimenta 

The number of flying insects captured by the artificial traps was relatively high in 
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Estimated weight of spiders before 
egg laying (W) 


Fig. 5. The relationship between the weight of the brood-guarding spider (a) and the 
number of eggs in the guarded sac (data from 20 female spiders). The horizontal bar 
in (b) indicates the estimated weight of the guarding spiders before egg laying: {W = 
weight of egg sac+weight of guarding spider). 


May and June, but decreased in August and September (Fig. 6 ). A large proportion of 
the webs had linear stabilimenta (>55%) in May and June, but webs with spiral 
stabilimenta predominated (>50%) in August and September (Fig. 7). The average 
proportion of webs with spiral stabilimenta (SP-webs) in each two-week period was 
negatively correlated with the average number of flying insects captured by the traps in 
the same period (Kendall rank correlation test: r= —0.722, Z= —2.711, / 7 < 0 . 01 ) (Fig. 
8 ). 

From the observation of seasonal change in size distributions, spiders collected on 
early May and June seemed to be of overwintering generation, and those collected on 
early August and mid-August seemed to be of summer generation. Using data of these 
spiders, I compared the body weight and condition indices of spiders with distinction of 
generations and web types (SP- or LN-web). 

Weight of spiders was significantly different between web-types (two-way factorial 
ANCOVA: = 61.340, /?<0.0001) but not between generations (Fi 140 = 0.007, p> 

0.9) (Fig. 9). The spiders on the LN-webs were significantly heavier than those on the 
SP-webs. 
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(N=) (10) (9) (9) (10) (9) (9) (11) (8) (9) 

Fig. 6. The number of flying insects captured by artificial traps. Data collected 
during each fortnight were averaged. Each bar shows the standard deviation. The 
numbers in parentheses indicate the number of sampling days during each period. 



(N=) (10) (9) (9) (10) (9) (9) (11) (8) (9) 

Fig. 7. Seasonal changes in the percentage of webs with linear (dark), spiral (crosshat- 
ched), and no stabilimenta (open). Data collected during each fortnight were averaged. 
The numbers in parentheses indicate the number of observation days during the fort¬ 
night. The total nuiiiber of webs in the study area ranged from 19 to 77 on 84 
observation days. 


The condition indices of spiders in each group were not significantly correlated with 
prosoma length, respectively, and condition index was significantly different between 
web-types (two-way factorial ANOVA: Fi^i 4 o = 81.574, /?< 0.001) but not between gener¬ 
ations (Fi 140 = 0.001, /7>0.7) (Fig. 10). The spiders on the LN-webs were fatter than 
the spiders on the SP-webs. 


Discussion 

The Octonoba sybotides studied appears to be bivoltine, with an overwintering 
generation and a summer generation (Fig. 11). The hatchlings of the summer genera¬ 
tion grow rapidly, mature by late August, and deposit the egg sacs. The hatchlings from 
these sacs overwinter in the nymphal stages and mature in late spring in the next year. 
The large variation in the size of the spiders indicated that spiders do not begin to 
hibernate at a particular growth stage. It has been suggested that spiders change their 
life cycle in response to different climatic conditions (Toft 1983; Wise 1984). The life 
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Prey abundance 

Fig. 8. Relationship between prey abundance and the ratio of the number of SP-webs 
to LN-webs. Each point is the average of two fortnightly values. 
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Fig. 9. Relationship between the prosoma length (mm) and body weight (mg). Open 
squares: overwintering generation spiders on SP-webs (A^ = 23); Open circles: summer 
generation spider on SP-webs (A/^ = 58); Solid squares: overwintering generation spider 
on LN-webs (TV = 27); Solid circles: summer generation spiders on LN-webs (TV = 36). 
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Fig. 10. Condition indices of spiders. Open squares: overwintering generation spiders 
on SP-webs (A^ = 23); Open circles: summer generation spider on SP-webs (A^ = 58); 
Solid squares: overwintering generation spider on LN-webs {N = 21); Solid circles: 
summer generation spiders on LN-webs {N = 26). 



Fig. 11. Schematic diagram of the life cycle of O. sybotides at the study site. Open 
circles represent monthly mean temperature (average year). 


history of spiders is influenced by the rate of growth and the timing of maturation, and 
the growth of a spider is greatly influenced by food intake and temperature (Schaefer 
1976; Vollrath 1987). Although this study did not clarify the effect of temperature on 
the growth of the spiders, the results suggest that temperature sets an important limit on 
the timing of reproduction. The total effective temperature seems to determine the 
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optimal period for the reproductive activity of O. sybotides. A threshold temperature 
appears to determine the start of the reproduction period and the overwintering genera¬ 
tion begins to lay eggs as soon as the temperature exceeds this threshold temperature. 
On the other hand, a declining temperature produces a different response, restricting the 
reproductive activity in September. Spiders appear to stop their reproductive activities 
at temperatures that are still higher than the threshold temperature, in order to obtain the 
total effective temperature necessary for development of the eggs. 

The clutch sizes are positively correlated with the weight of the female of O. 
sybotides. Since the weight is correlated with the amount of prey digested, it is likely 
that prey capture success of O. sybotides is faithfully reflected in egg output. However, 
O. sybotides seems to be semelparous (Watanabe, personal observation). Therefore, the 
fitness of the spider must be determined from the total number of offspring that each 
spider produces during its life. Previous experiments with these spiders suggest that a 
change in the feeding rate influences the timing of egg production; oviposition occurred 
most often with food-deprived spiders (Watanabe 1999a). A large variation in the 
number of eggs laid at a given time might be part of the strategy of sequential reproduc¬ 
tion by individual spiders in a fluctuating prey environment. The relationship between 
the timing of egg production and the feeding history of spiders requires further study. 

This study also demonstrated that a large proportion of spiders add linear 
stabilimenta to their webs when prey insects are abundant, whereas the majority adds 
spiral stabilimenta when prey insects are limited. Comparing the body weight and 
fatness of spiders on the distinct stabilimentum forms, spiders on the LN-webs seemed to 
be in better energetic condition than spiders on SP-webs. A previous study found that 
the prey capture rates of both the SP- and LN-webs were positively correlated with the 
number of insects captured in the traps (Watanabe, in preparation). Therefore, the 
frequencies of dimorphic stabilimenta seem to change in response to prey capture success, 
which is tightly related to prey abundance, and a large proportion of spiders tend to 
construct SP-webs when prey insects are limited. 

This study considered population differences in the stabilimentum patterns in the 
field. Combined with previous results (Watanabe 1999a), it is very likely that the 
frequencies of each type of stabilimentum indicate the prey abundance in a habitat. 
Seasonal differences in prey abundance can be applied to spatial differences. In the 
same season, it is predicted that in a prey-limited habitat a greater proportion of O. 
sybotides will construct SP-webs, whereas LN-webs will predominate in prey-rich 
habitats. Geographic comparative studies, which compare the abundance of prey 
insects and the proportions of stabilimentum types in local areas, should provide further 
support for this hypothesis on the cause of population differences in the occurrence of 
dimorphic stabilimenta. 
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